Abstract. In the present work we discuss the self-affine properties of the fracture surfaces of sodalime glass obtained under quasi-static conditions. The fracture surfaces are generated using a threepoint bending system in normal room conditions and under high humidity conditions. The surfaces were recorded both by Scanning Electron Microscopy and Atomic Force Microscopy, and their selfaffine properties are characterized using the Variable Bandwidth method. For both conditions it is observed that the major part of the fracture surface is occupied by the mirror zone. On the other hand, the self-affine analysis reveals that for both conditions the roughness exponent has values centred at around 0.58 with moderate dispersion, in agreement with previous results. Our findings support the hypothesis of the existence of a characteristic roughness exponent for quasi-static fracture with a value that is significantly lower than the value of 0.8 reported for rapid fracture conditions.
Introduction
In an attempt to understand why brittle materials break, Mecholschy [1, 2] studied the morphology of the fracture surfaces of glass and proposed that their appearance is related to the crack speed and the stress intensity factor; that is, the propagating crack forms demarcations that give origin to three characteristics regions called the mirror, mist and hackle zones. Fracture begins with a relatively low speed and smooth appearance (mirror zone), progressively gets more speed and get rougher (mist zone) and finally the morphology takes a very rough appearance (hackle zone).
The study of the quantitative aspects of the fracture surfaces using fractal concepts began with the pioneering work of Mandelbrot [3] , who proposed that the fracture surfaces could be characterized by a fractal dimension. Nowadays, it is clearly established that the fracture surfaces are self-affine objects that manifest statistical invariance through the scaling relation:
, Z is the height at point X,Y, i λ are constants and ζ is the so-called Hurst or roughness exponent, which is a measure of the roughness of the fracture surface, can be evaluated by several methods [4] , by knowing that for a self-affine surface the typical height h(r) scales with ζ r . In 1990, E. Bouchaud [5] , through the study of a variety of materials broken in rapid conditions, proposed the existence of a 'universal' exponent 8 . 0 ≈ ζ , independent of the material and load conditions. His results have been verified for metals, ceramics, polymers and several composites [6] [7] [8] [9] [10] [11] [12] [13] [14] . Nevertheless, there has been a controversy about the existence of a real universal exponent, as it has been recently reported that there are significant deviations from this value in materials such as polymers [10, 13] . Based on the fact that fracture surfaces are the result of a dissipative, non-linear process showing both fractal and chaotic characteristics, it has also been proposed [11] that the value of the roughness exponents can be associated to an attractor value, instead of being a universal parameter.
On the other hand, it has been reported the existence of a different roughness exponent, some workers have found values around 0.5 for slow crack propagation (nanometers per second) and particularly for length scales typically smaller than several micrometers [15, 16] , some more have found values around 0.6 that related to the anisotropy in the fracture surfaces [17] [18] [19] ; nevertheless the evidence is not very abundant for this self-affine behavior and there is also a controversy about the existence of a 'universal' roughness exponent for quasi-static conditions.
Our main purpose in the study of glass fracture is to provide more experimental evidence to elucidate the existence of a roughness exponent different from the 'universal' or 'attractor' value of 0.8 for slow crack propagation conditions, by testing glass under two different ambient conditions.
Experimental Procedure
The material used in this work was soda-lime glass in the form of common slide glasses with dimensions of 75 mm x 30 mm x 1 mm. For the generation of the fracture surfaces we used a threepoint bending test apparatus (Fig. 1a) . In order to initiate crack propagation in mode I, a notch was made in the middle of the tension side of the slide glass using a diamond tool. By carefully imposing a small initial deflection, we succeeded in producing slow crack propagation. The imposed deflection was increased every 24 hours by turning the load screw (Fig  1a) . The specimens were broken in typical room conditions (25º C at 60 RH) as well as under high humidity conditions (35º C at 100 RH) generated by applying tap-water vapor directly to the side of the sample held under tension. The time for complete fracture was 205 and 137 h for normal and high humidity conditions, respectively, implying corresponding average crack speeds of 1.69 nm/s and 2.03 nm/s.
The fractographic observations were made by scanning electron microscopy (SEM) using secondary and backscattered electron images. In the case of the specimen fractured under high humidity conditions, energy-dispersive x-ray spectrometry (EDX) was also performed.
For the quantitative topographic analysis we obtained atomic force microscopy (AFM) images in contact mode in air. The scan size area varied from 300 nm x 300 nm to 5µm x 5µm. The observations were made in regions close to the origin of the mirror zone, where the local crack speed was presumably the lowest.
Once the topographic data from the AFM images was collected, the self-affine analysis was made by the variable bandwidth method using the Zmax parameter:
Z max (r) = < max{z(r')} x<r'<x+r -min{z(r')} x<r'<x+r > x ∝ r
where r is the width of the moving window, Z max (r) is the difference between the maximum and the minimum heights z within this window and averaged over all possible origins x of the window. Using this method, log-log plots of Z max (r) vs r allowed the determination of the roughness
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Advanced Structural Materials III exponent. This calculation was made for 250 from the 512 profiles of the AFM images, in order to determine the statistical distribution and the dispersion of the roughness exponents.
Results and Discussion Figure 2 shows SEM images for each the fractured specimens. It is evident that in both cases the major part of the fracture surface corresponds to the mirror zone, as a consequence of slow crack propagation [1, 2, 21] . Nevertheless, it is also possible to detect the presence of the mist and hackle zones at the end of the fracture surface, which appear when the crack propagation reaches its maximum velocity, that is approximately of the order of the sound speed in the material [22] , giving origin to bifurcations or fragmentations, which result in a rougher appearance compared to that observed in the mirror zone.
In the specimen broken under high humidity conditions we also observed the presence of numerous secondary cracks all over the fracture surface. This can be attributed to the action of the water vapor taking into account that in the absence of water vapour non secondary cracks are detected and knowing that water is the main chemical agent for subcritical crack growth [23] .
The EDX results shown in Fig. 3 reveal the presence of Cl (Fig. 3b ) from the salt of tap-water vapor in the surroundings of the secondary cracks, so we can speculate that secondary cracks were promoted by the water vapor and thus facilitate the fracture process. Nevertheless it can be said that the local speed remained low in the main crack front.
Typical AFM images along with the results of the self-affine analysis are shown in Fig. 4 . Notice that these images reveal that what appeared smooth on the SEM images actually shows a very rough topography at sub-micrometer length scales. Qualitatively coarser for high humidity conditions and for both conditions, the topographic irregularities clearly resemble the aspect of fracture in ductile metals, as it has been discussed by other workers [21] . It is also possible to detect the presence of agglomerates on the surface of the specimen exposed to high humidity conditions (Fig. 4b) , which might be related to deposition of salts from the tap-water vapor, as suggested also by the EDX results.
The self-affine plot (Fig. 4c) obtained from the AFM images reveal that the self-affine exponent has an average value of about 0.5. This value is slightly but significantly higher than 0.5, as corroborated by the statistical distributions (Fig. 4d) , but with moderate dispersion. Therefore, these results clearly demonstrate that when the fracture process is slow, the self-affine behavior is different to that reported for fast fracture, with values of characteristic roughness exponent that are lower than the value of 0.8. This quasi-static exponent is not sensitive to the humidity conditions or the qualitative differences in the topography. 
Conclusions
We succeeded to produce slow crack propagation in glass specimen in normal room condition and under high humidity condition. It was observed that high humidity promoted secondary cracks and coarser topographic irregularities. The AFM-images reveal that for both cases, the topographic is reminiscent of fracture surfaces of ductile metallic alloys. 
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Advanced Structural Materials III Despite he differences in environmental conditions and the appearance of the topographic, the selfaffine analysis results in the same roughness exponent, centered at around 0.58 with a narrow distribution. This value is clearly different from the universal or attractor exponent that characterizes fast fracture.
